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A B S T R A C T 
The application of conventional fertilizer, especially for inorganic fertilizer, has low efficiency 
due to the fast release of its nutrients into the environment. Also, it has a high operating cost 
caused by multiple fertilization processes in one of the planting periods. One of the possibilities 
to overcome this limitation is applying organic fertilizer as a slow-release fertilizer (SRF). The 
objective of this research is to prepare SRF by modifying the formulation of local organic 
fertilizer with chitosan as a binder. The rate of the nitrogen release was studied and simulated 
with MATLAB. The result shows that the nitrogen loss by water leaching decreased up to 85% 
in chitosan/organic fertilizer rather than the fertilizer without chitosan. By MATLAB simulation, 
the release of nitrogen has followed the proposed mathematical model in which the mass 
transfer occurred dominated by diffusion mechanism with the diffusivity coefficient of 1.61x10-5 
cm2/s. 
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A B S T R A K 
Penggunaan pupuk anorganik masih memiliki efisiensi rendah yang disebabkan oleh cepatnya 
pelepasan nutrisi pupuk ke lingkungan sehingga nutrisi tersebut tidak dapat terserap baik oleh 
tanaman. Selain itu, aplikasi pupuk anorganik yang berulang dalam satu periode tanam 
berdampak pada peningkatan biaya operasional. Salah satu metode untuk mengatasi 
permasalahan tersebut adalah dengan menggunakan pupuk lepas lambat (slow-release 
fertilizer) atau dengan menggunakan pupuk organik. Tujuan pada penelitian ini adalah dengan 





mengombinasikan dua metode tersebut yaitu dengan memodifikasi formulasi dari pupuk 
organik lokal dengan penambahan kitosan sehingga dapat diperoleh pupuk organik yang 
memiliki sifat lepas lambat. Laju pelepasan nitrogen dari pupuk yang dihasilkan kemudian 
dianalisis dan disimulasikan dengan software MATLAB. Hasil penelitian menunjukkan bahwa 
nitrogen yang hilang pada komposit pupuk organik-kitosan melalui water leaching menurun 
hingga 85% jika dibandingkan dengan komposit pupuk organik tanpa kitosan. Hasil simulasi 
MATLAB juga menunjukkan bahwa laju pelepasan nitrogen pada pupuk mengikuti model 
matematika yang diusulkan yaitu dengan mekanisme difusi, nilai koefisien difusivitas yang 
diperoleh adalah sebesar 1,61×10-5 cm2/s. 
 
Kata kunci: kitosan; pupuk lepas lambat; pupuk organik 
 
1. Introduction  
The extensive use of inorganic fertilizer has 
a side effect on the environment due to the 
fast release of its nutrients. Some researchers 
state that inorganic fertilizer has a low 
nitrogen use efficiency and high nitrogen loss 
(Zhang et al., 2018). In addition, the nitrogen 
which is absorbed by the plant is only about 
0-50%, and the rest is leached out and 
accumulated into the environment (Mózner et 
al., 2012; Wang et al., 2018). Consequently, it 
decreases the soil quality, increases the 
greenhouse gas emission, causes 
eutrophication and water contamination 
which affect to the human health (Chen et al., 
2010; Liu et al., 2013; Smith and Siciliano, 
2015; Uphoff and Dazzo, 2016; Zhang et al., 
2017). Furthermore, the application of 
inorganic fertilizer needs high-cost labor due 
to several times of fertilization usage in one 
cycle of planting periods (Zhang et al., 2018). 
Increasing interest on the environmental 
issue due to the fast release of inorganic 
fertilizer, enhances researchers develop the 
advance sustainable technologies such as 
controlled-release fertilizer, crop rotation or 
intercropping, organic-inorganic fertilizer, 
organic fertilizer, and recycled agriculture 
(França et al., 2018; Jannoura et al., 2014; 
Kusumastuti et al., 2019; Wang et al., 2018; 
Zhao et al., 2016). The sustainable 
environment could be created through the 
usage of organic fertilizer because it releases 
nutrition slower than conventional fertilizer 
(Fairhurst, 2012). Furthermore, it could 
improve the soil fertility, increase the organic 
matter availability in soil and reduce the crop 
residue (Hui et al., 2017; Khaliq et al., 2006; 
Wang et al., 2018). 
Organic fertilizer can be categorized as 
slow-release fertilizer (SRF). This condition is 
in accordance with the definition of SRF by 
the Association of American Plant Food 
Control Officials (AAPFCO). Slow-release 
fertilizer can provide the nutrient longer than 
conventional fertilizer; thus, the fertilization 
process can be conducted only once at the 
beginning of the planting period and can 
reduce the operation cost (Trenkel, 2010). 
There are some methods to produce slow-
release fertilizer, such as adding a chemical 
compound, coating with inert material, and 
formulating with matrix material (Trinh and 
Kushaari, 2016). From all the methods, 
formulating with a matrix is the most natural 
technique and has low production costs (Al-
Zahrani, 1999; Purnomo et al., 2018). Instead 
of the matrix, a binder is a component which 
affects nutrient release. The binder can hold 





other material and decrease the pores of the 
composite thus retaining the nutrient release 
(Al-Zahrani, 1999; Purnomo et al., 2018). 
Some materials can be used as fertilizer 
binders such as either organic or inorganic. 
Apart from that, chitosan is an organic 
material that has a potential as a binder. Some 
studies said that chitosan as a coating 
material on NPK fertilizer was able to decrease 
the nitrogen release and improve its 
mechanical strength (Kusumastuti et al., 
2019). Chitosan is a polysaccharide which 
consists of glucosamine and N-acetyl 
glucosamine with β1-4 glycosidic bonding 
(Mardyaningsih et al., 2014; Rinaudo, 2006). It 
is available abundantly in nature and can be 
produced from deacetylated chitin. Moreover, 
chitosan is a non-toxic material and can be 
degraded in the environment (Akmaz et al., 
2013). 
The objective of this research is to prepare 
chitosan/local organic fertilizer composite as 
a slow-release fertilizer and then compare the 
nutrient release for both organic and 
chitosan/local organic fertilizer with chitosan 
solution as a binder. The mechanisms of the 
nitrogen release from SRF fertilizer will be 
investigated with the diffusion approach and 
the result will be compared to some empirical 
equation to obtain the suitable mathematical 
model for the nitrogen release. 
 
2. Research Methodology 
2.1 Materials 
A simple mixture of manure and organic 
compost which obtained from local fertilizer 
production (Solo, Indonesia) was used as a 
raw material for organic fertilizer. Local 
Indonesian chitosan powder (>90% degree of 
deacetylation, 10-500 cps, <1.5% ash content, 
<0,5% protein content) was purchased from 
PT. Biotech Surindo (Cirebon, Indonesia). 
Glacial acetic acid was purchased from Merck 
(Germany). The Kjeldahl analysis used 
potassium sulfate (K2SO4), cuprum (II) sulfate 
(CuSO4), sulphuric acid (H2SO4), sodium 
hydroxide (NaOH) and chloric acid which 
purchased from Merck (Germany). Local 
commercial organic SRF “Vedagro” was used 
with specifications: the average diameter of 
3.36–4.0 mm with composition 10-12% 




A simple mixture of manure, organic 
compost, and limestone was added into a pan 
granulator with the addition of 1% chitosan 
solution with a ratio of 30:1 (w/v). The 
chitosan solution was used as a binder while 
the limestone as a matrix. The resulting 
fertilizer was sieved with 5-6 mesh, thus 
obtained the average diameter of 3.36–4.0 
mm. The nitrogen release test was conducted 
by immersing 1 gram of fertilizer in 100 mL 
aquadest for 5 hours. The accumulative 
nitrogen release in water was analyzed every 
hour by the Kjeldahl method. The release 
kinetics was approached with a diffusion 
mechanism and simulated with MATLAB 
software to obtain the diffusion coefficient. 
The sample identification is shown in Table 1. 
 
Table 1. Sample Identification 
Sample ID Preparation method 
S1 Organic fertilizer with chitosan binder 
S2 Organic fertilizer without chitosan binder 
S3 Local commercial organic SRF “Vedagro” 
 
2.2 Mathematical Modelling 
The kinetic of nitrogen release from the 
fertilizer composites is approached by the 
diffusion mechanism, where it is considered 





as diffusion in a solid particle. The nitrogen 
mass transfer is occurred by diffusion in a 
radial direction. With the arrangement of the 
mass balance equation in the volume element 
of fertilizer as shown in Figure 1, the 
mathematical model of nitrogen release can 
be proposed as shown in Equation (1). 
 
 













with the boundary condition as follows: 
t=0 t=t t=t   
r=r r=0 r=R 
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−  𝐶𝑎𝑙) 
where Ca is the nitrogen concentration in the 
fertilizer granules (gram/cm3), Cas is the initial 
nitrogen concentration in fertilizer granules 
(gram/cm3), Cal is the nitrogen concentration 
in aquadest (gram/cm3), De is the diffusion 
coefficient (cm2/s), t is the time (s), and r  is 
the particle radius (cm). 
𝐶𝑎𝑙 is a function of time and can be 
correlated with the mass total of nitrogen 
which correspond to number of particle (Nb), 
volume of solution (W), and volume of one 
granular fertilizer (Vb) as shown in Equation 
(2). With the resulting data from the 
experiment, all equations are solved and 








)     (2) 
To obtain the suitable model of nitrogen 
release, the proposed mathematical model 
was also compared with some empirical 
equation for nutrients release behavior of 
fertilizer such as: 
a. Zero order kinetics model (Sempeho et al., 
2014). 
In this model, the nutrients release is 
assumed constant by the time and there is 
no equilibrium. The model has been useful 
for the release of nutrients from the matrix 
that do not disaggregate and release the 
nutrient slowly. This model is expressed as 
Equation (3). 
Qo-Qt = Ko t  (3) 
Qo is initial nutrient concentration in the 
solution, Qt is the nutrient concentration in 
solution at any time, Ko is the zero order 
release constant, t is the time. 
b. Diffusion-relaxation model (Bi et al., 2020; 
Saigusa and Ombodi, 2014; Upadrashta et 
al., 1993). 




𝑚 + 𝑘2 𝑡
2𝑚   (4) 
where Mt is the release nitrogen at time t, 
Mload is the loading nitrogen in fertilizer, m 
is the diffusional exponent of 0.5 (for 
spherical shape), k1 is associated with 
diffusion, and k2 is associated with 
relaxation. 
c. Diffusion-erosion model (Bi et al., 2020; 
Saigusa and Ombodi, 2014; Upadrashta et 
al., 1993). 
This model is expressed as Equation (5). 
𝑀𝑡
𝑀𝑙𝑜𝑎𝑑
= 𝑎 𝑡0.5 + 𝑏 𝑡 + 𝑐 𝑡2 + 𝑑 𝑡3  (5) 
where Mt is the release nitrogen at time t, 
Mload is the loading nitrogen in fertilizer, a 
is associated with diffusion, b, c, and d is 
associated with erosion. 









3.  Results and Discussion  
In this research, the release of nitrogen as 
one of the main fertilizer contents were 
observed. Due to its wide application in the 
agriculture area, nitrogen becomes the yield-
limiting nutrient release of fertilizer (Fageria, 
2014). The result of nitrogen release test 
which was carried out in 100 mL aquadest is 
shown in Figure 2.  
 
Figure 2.  Effect of chitosan matrix on the release of 
nitrogen 
 
It shows that among all the samples, 
chitosan/organic fertilizer (S1) has the slowest 
release of nitrogen. In the first three hours, the 
amount difference of the nitrogen release is 
significant where the S1 fertilizer released 
only 5% of the total nitrogen in the fertilizer, 
while the S2 and S3 release 70% and 100%, 
respectively. Macro-images of S1 fertilizer 
during the immersion in aquadest were 
presented in Figure 3. It showed that the 
longer the immersion time, the color of the 
solution was darker than the initial one, which 
represented the addition of nitrogen content 
in the aquadest. Also, the results showed that 
chitosan addition as a binder decreased 85% 
of nitrogen loss due to the existing 
intramolecular hydrogen bonding between 
the chitosan molecules. Thus, the pores of 
fertilizer became smaller, and it might retain 
the nutrient release (Lee et al., 2013; Mati-
baouche et al., 2014). 
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Figure 3. The appearance of nitrogen release test on 




Figure 4.  MATLAB simulation of nitrogen release with 
proposed mathematical model 
 
The mathematical model of nitrogen 
release was simulated using MATLAB 
software. Diffusion model for nitrogen 
through the solid is assumed to diffuse 
radially. The result of the simulation in Figure 
4 shows that the proposed mathematical 
model follows the experimental data. 
Therefore, it can be concluded that the 





































followed the diffusion mechanism with the 
value of diffusion coefficient (De) obtained 
are shown in Table 2. 
 
Table 2. Calculated diffusion coefficient from the 
MATLAB simulation 
  S1 S2 S3 
De [cm2/s] 1.61x10-5 2.88x10-3 1.13x10-2 
Sum square 
error (SSE) 1.91x10-15 4.46x10-16 6.97x10-23 
 
Diffusion coefficient (De) value describes 
how fast the nitrogen could diffuse in the 
fertilizer. The smaller of De value, the slower 
the rate of diffusion will be. Therefore, it can 
be concluded that chitosan as binder was able 
to decrease the nitrogen release rate of the 
prepared fertilizer. This result can also be 
compared to a previous experiment reported 
by Kusumastuti et al. (2019) which conducted 
a layer-by-layer method of chitosan coating 
in NPK fertilizer and obtained the De value of 
4.5747×10−6 cm2/s, similar to the obtained De 
in this research. Comparing with the De values 
in the solid (1×10−7 cm2/s or smaller) and 
liquid phase (1×10−5 cm2/s), the obtained 
diffusion coefficient value in S1 fertilizer is still 
out of the range from the diffusion coefficient 
in the solid phase. It might be due to the less 
homogenous chitosan distribution in fertilizer 
granule. 
The simulation result of nitrogen release 
with some empirical equation is shown in 
Figure 5 where the constant value is shown in 
Table 3. From Figure 5 a, b and c, the nitrogen 
release data follow the diffusion-relaxation 
and diffusion-erosion model rather than zero 
order kinetic model. The constant value of S1 
in the diffusion-relaxation model shows that 
k1 (associated with diffusion) is smaller than k2 
(associated with relaxation). Thus, chitosan 
addition contributes to the relaxation release 
mechanism. Here, the mass transfer occurred 
could be associated with stresses and state 
transition in hydrophilic-glassy polymer which 
can swell in the water (Peppas and Sahlin, 







Figure 5.  MATLAB simulation of nitrogen release with 
model of (a) Diffusion-relaxation (b) 





































































Table 3.  Simulation result of diffusion-relaxation model, diffusion-erosion model and zero order kinetics model 
Model Diffusion-Relaxation Diffusion-Erosion Zero Order 
Sample k1 k2 SSE a b c d SSE Ko SSE 
S1 -0.036 0.0456 6.95x10-4 0.0402 -0.0669 0.0337 -0.0038 4.77x10-4 0.0308 0.0025 
S2 0.7529 -0.1871 0.0137 1.746 -1.3258 0.2444 -0.0208 0.0013 0.2604 0.518 
 
In the diffusion-erosion model, constant a 
is associated with diffusion where b, c and d 
are associated with the erosion. Comparing 
the constant value, the erosion constant is 
much smaller than the diffusion constant; 
thus, the nutrient release is dominated by the 
diffusion mechanism. The SSE value of the 
proposed mathematical model also 
confirmed that the nitrogen release also 
followed the diffusion mechanism. 
 
4.  Conclusions 
Adding chitosan as a binder in the organic 
fertilizer formulation was able to decrease the 
release of nitrogen by water leaching thus the 
nitrogen loss decreased up to 85%. In 
addition, the simulation of proposed 
mathematical model and empirical model 
shows that nitrogen release from composite 
fertilizer is dominated by diffusion 
mechanism. The obtained diffusion 
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